Objective: There is no specific treatment for comatose patients after near-hanging or in those who recover from cardiac arrest (CA) caused by hanging. Since 2009, we have used therapeutic hypothermia (TH) to treat all comatose survivors of near-hanging and in patients who recovered from CA caused by hanging. The purpose of this study was to describe the outcomes in comatose patients after near-hanging. Design: Case series. Setting: Emergency departments of two regional hospitals. Methods: We collected patient data from the Samsung Medical Center hypothermia database between November 2009 and November 2011. We included all patients presented with near-hanging or CA caused by hanging; who remained comatose and received TH after resuscitation for analysis. Clinical characteristics and outcome of patients were presented. Results: During the study period, 26 patients were admitted to the emergency department after near-hanging or CA caused by hanging; 21 patients were enrolled in this study. Twelve patients with CA and 9 comatose patients without CA were treated with TH. Only 1 patient with CA had a good neurological outcome. By contrast, all near-hanging patients without CA had a good neurological outcome. Conclusions: TH can be an effective therapeutic modality in cases of near-hanging without CA. However, the effectiveness of TH is questionable in patients who survive from CA caused by hanging. (Hong Kong j. 
Introduction
Hanging is one of the most common methods of suicide, [1] [2] [3] and 78% of all people who attempt suicide by hanging are either found dead or are declared dead at the scene after failed resuscitation attempts. 2 Nearhanging is an unsuccessful hanging attempt. 4 Unlike high spinal cord injury resulting from judicial hanging, the most frequent cause of death from suicide by hanging is asphyxia, and the main sequelae in successfully resuscitated patients is hypoxic brain injury. 1 Most injuries appear to be secondary to compression of the internal jugular veins and carotid arteries, leading to cerebral hypoxia and ultimately global hypoxia. 5 There is no specific treatment for comatose patients who survive near-hanging and survival from cardiac arrest (CA) caused by hanging other than general intensive care supportive treatment. However, the current American Heart Association guidelines for adult cardiopulmonar y resuscitation (CPR) recommended therapeutic hypothermia (TH) in comatose survivors after CA if cardiac origin to improve outcomes. Such treatment could also be considered for survivors of CA of non-cardiac origin. 6, 7 Baldursdottir et al recently reported on 14 asphyxia patients treated with TH, although only 8 patients were victims of hanging. 8 There have been only a few case reports and retrospective studies of TH after hanging and in nearhanging patients. [8] [9] [10] [11] [12] We presumed that TH could ameliorate multiple pathophysiological mechanisms involving in ischaemiareperfusion injury, which might occur after nearhanging similar to the situation of cardiac arrest. We hypo thesised that the TH could improve the neurological outcome of comatose patients of hanging or near-hanging injuries. We performed TH using a uniform treatment protocol on all comatose nearhanging patients and survivors of CA caused by hanging since 2009. The objective of the study was to report the characteristics and treatment outcomes of these patients.
Subjects and methods
We collected patient data from the Samsung Medical Center hypothermia database, which contains data from two hospitals: the Samsung Seoul Hospital and the Samsung Changwon Hospital in South Korea. From November 2009 to November 2011, all resuscitated patients with CA caused by hanging and near-hanging patients admitted to the emergency department (ED) were considered for TH upon arrival. The data were collected retrospectively for the Samsung Medical Center hypothermia database, which is based on the Utstein style.
In both hospitals, we performed standardised medical procedures in accordance with the Samsung Medical Center hypothermia protocol. According to the protocol, we used TH for 1) comatose out of hospital cardiac arrest patients after ROSC; and 2) all comatose (GCS 8) near-hanging patients and patients who recovered from CA caused by hanging. All procedures were conducted after permission and informed consent were obtained from each patient's next of kin by professors of emergency medicine.
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Patients with CA were immediately subjected to induced hypothermia, and near-hanging patients without CA were treated with hypothermia after reevaluation of their neurological status 30 minutes after ED arrival. In our TH protocol, the target temperature was 331°C for 24 hours induced using an external cooling device (Arctic Sun ® Temperature Management System; Medivance, Inc., Louisville, CO, USA) and ice cold saline infusion. The patients were then rewarmed at a rate of 0.15-0.25°C/h for 24-48 h to reach normothermia.
The Samsung Medical Center hypothermia data include the patient's age, sex, initial cardiac rhythm, basic life support (BLS) time, advanced cardiac life support (ACLS) time, ED door to ROSC time, time from hanging recognition to target temperature, complications of hypothermia, seizure events, and cerebral performance category (CPC) at 1 month. A good neurological outcome was defined as a CPC of 1 or 2 ( Table 1 ). The estimated suspension time was obtained from witnesses and all cases had at least 1 witness. We also evaluated liver and kidney failure by medical chart review. Organ failure was defined according to the 2001 International Sepsis Definition Conference Criteria. 13 As a secondary part of the study, we used Fisher's exact test to compare the rates of good neurological outcome after CA caused by hanging and out-of-hospital CA of non-hanging origin in patients treated with TH.
A p value <0.05 was considered significant. We used the SPSS statistical software package (v18.0; IBM, Armonk, NY, USA) for all statistical analyses. This study was approved by the institutional review board of both involved institutions.
Results
During the study period, 26 patients were admitted to the ED after near-hanging or hanging, and 21 were enrolled in this study (Figure 1 ). Fourteen patients suffered CA. No return of spontaneous circulation (ROSC) at any time was observed in 2 patients. Twelve of 14 patients achieved ROSC; 10 patients achieved ROSC after ED arrival with ACLS and 2 patients achieved ROSC in the pre-hospital setting before ED arrival. All 12 patients were comatose (Glasgow Coma Scale GCS 3/15) after ROSC and were treated with TH.
Twelve of the 26 patients did not experience CA. Nine of these patients were comatose (GCS 3) at ED arrival and at the time of neurological re-evaluation, and were treated with TH, whereas 3 patients who were not c o ma t o s e d id n o t u n d er g o TH . Th e g e n er a l characteristics of the patients are shown in Table 2 .
Among the patients with CA caused by hanging, only 1 patient showed a good neurological outcome at In comparison, all of the near-hanging patients without CA achieved a good neurological outcome, and none developed renal or hepatic failure, abnormal initial b r a in ima ge, c lin ic a lly o b s er ved s eiz u res, o r electroencephalogram-documented seizures (Table 3 ). There were no major complications of TH such as major arrhythmia, severe infection, or major bleeding in either group.
In the secondary study, 59 patients received TH, and 24 (40.6%) of these patients achieved a good neurological outcome after out-of-hospital CA of nonhanging origin during this period. The rate of good CPC=cerebral performance category; ROSC=restoration of spontaneous circulation; TH=therapeutic hypothermia neurological outcome was significantly higher in patients experiencing CA of non-hanging origin compared with CA caused by hanging (p=0.046) (Figure 2) .
Discussion
In the present study, all patients except one who experienced CA caused by hanging had a poor neurological outcome. The patient who had a good neurological outcome had only 5 minutes of suspension time and achieved ROSC before arrival at the ED. By contrast, all near-hanging patients without CA had a good neurological outcome with TH.
Whether or not CA has occurred may be an important factor in the use of TH as treatment after a hanging attempt because the presence of CA may indicate the duration of ischaemia and the severity of brain damage. Depending on the time of suspension, the patient may experience cerebral hypoxia and ischaemia, and a longer hanging time may be associated with worse outcome after a hanging attempt. 14 In our study, the estimated mean suspension times were 18 minutes (range 5-45 minutes) in the CA caused by hanging group and 11 minutes (range 10-18 minutes) in the non-CA (nearhanging) group. CA caused by hanging is a unique mechanism compared with other aetiologies of CA. Hanging leads to complete air way and arterial o c c lu s i o n , c a u s i n g c ereb r a l h y p ox ia , lo s s o f consciousness, and secondary CA, and has a poor outcome. 15, 16 These results are similar to those of earlier studies that did not apply TH. A previous study showed that most patients with hanging-induced CA died of brain death or multi-organ failure and that the neurological outcomes for those who survived CA caused by hanging were extremely poor. 17 In our study, the rate of good neurological outcome after CA caused by hanging was poor (8.3%) and was significantly lower than that of CA for non-hanging origin (p=0.046).
Near-hanging without CA can produce various neurological outcomes. One previous study showed that most near-hanging patients would recover without severe neurological impairment with only conservative treatment.
In our study, although 3 patients in the CA group had renal dysfunction and 8 had liver dysfunction in the early post-CA phase, all patients recovered after TH. The protective effect of TH occurs through reduction of cerebral CO 2 production and O 2 consumption, inhibition of the immune response, and reduction in oedema and epileptic activity. 18, 19 Several studies have shown that TH is also beneficial against hypoxiainduced organ injuries such as liver failure, acute lung injury, spinal cord injury, and kidney injury. [20] [21] [22] [23] [24] These organ-protecting effects and relative safety of TH suggest that TH may have a role in the treatment of near-hanging suffocation injuries. If so, it seems reasonable to consider hypothermia treatment in comatose near-hanging patients without CA. However, the effect of TH in patients experiencing CA caused by hanging seems questionable until firm conclusions can be drawn. There were some limitations of the present study. Firstly, the overall number of patients examined was too small to draw any firm conclusions. However, our study might be the largest single study of hanging and near-hanging patients treated with TH. Secondly, this was a retrospective study, and the data that could be collected for this study were limited by the study design. Thirdly, we could not compare near-hanging patients with and without TH because of the rarity of both conditions. Our data suggested that TH could be considered as a therapeutic modality for patients after near-hanging. Randomised clinical trials of the outcomes of patients after near-hanging and recovery from CA caused by hanging are needed to define clearly the benefits of TH.
Conclusion
Patient without cardiac arrest after near-hanging shows a good neurological outcome after treatment with therapeutic hypothermia. Induced hypothermia may have a role in ameliorating the associated hypoxicischemic encephalopathy. Patient who recovers from cardiac arrest caused by hanging usually has a poor neurological outcome.
